ALTERNATIVE #4 - An In-Basin Solution Using Ground Water Developments

Thisin-basn dternative is an atempt to meet the projected shortages without importing water and
without changing or adding any major surface-water reservoirs (other than ring dikes). It relies instead
on groundwater to supplement current surface-water supplies and ring dike reservoirs to capture and
gtore soring runoff. It incorporates eight features.

Feature 4 (modified) — A water-supply pipdine from a ring dike on the Sheyenne River
near Fargo to the upper Red River near Wahpeton, with a branch to Abercrombie.
The pipdine and its associated pumping plant provide water at 18 cfsto offset
shortages at the existing Cargill plant and at New Industry 3 near Abercrombie.

Feature 5 (modified) — Two 22,000-acre-foot ring-dike reservoirs near Fargo—one on the
Red River and one on the Sheyenne. Both require high-capacity, low-head pumping
plants to take advantage of short-duration high spring flows—400 cfs for the reservoir
on the Red River, but only 200 cfs for the one on the Sheyenne.  Some of the water in
the ring dikes may be pumped to the Upper Red River (Feature 4), some may be
injected for aquifer storage (Feature 9), and some may be released later in the year for
use by Fargo, West Fargo, Moorhead, or New Industry 2. No specific Sites have
been sdected for the ring dikes, but they are each assumed to be within 1 mile of the
associated river channdl.

Feature 7 — A new wdl fied in the Spiritwood Aquifer. Thiswell field would be in northern
Barnes County, and estimates suggest that it would yield 6,600 acre-feet per year. The
groundwater would be pumped into Lake Ashtabula for re-regulation to meet
downstream shortages.

Feature 8 — Purchase of exigting groundwater rights. An estimated yield from the Sheyenne
Delta, Page/Gaesburg, and Elk Valley Aquifers combined would be 8,690 acre-fest,
assuming purchase of 33 percent of the existing irrigation wells.

Feature 9 — Aquifer storage and recovery using the West Fargo North Aquifer. This aquifer
has gpproximately 10,000 acre-feet available for recharge and is located under the
West Fargo.

Feature 10 — Desdinization of water from Dakota Aquifer. Mode run includes an RO
dedinization plant near Grand Forks producing 2 MGD. Nine additiona plants have
been used to make up shortages that remained after the model run.

Feature 12 — Conservation. Thisis about a 15-percent reduction in demand. However, itis
offset by a 15- to 20-percent increase in demand during drought years.

After establishing the components of this dternative, the modd runs show thet it does not meet dl of
the projected 2050 Reclamation demands without extensive use of Dakota Aquifer water and
desdinization water treatment plants. Shortages remaining after theinitid mode runs are due to the
limited ground water supplies available. Aquifers used for municipa supply have been modded asa
steady ground water withdraw rate where the annua withdraw volume is the yield estimated from the

ENGINEERING APPENDIX - 12/14/99 57



new well field in the Spiritwood and Dakota Aquifers and weter rights transfers from the Elk Valley,
Sheyenne Délta, and Page/Galesburg aquifers. The 28,000 ac-ft Lake Ashtabula minimum pool has
been maintained in the modd run. Lake Ashtabula end-of-month contents during the critica drought
sequence are shown in the following graph.
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Festure 4 Summary: Water Supply Pipdline to the Upper Red River

This feature has been modified dightly by placing the pumping plant and water supply for the Upper
Red River shortages on the ring dike reservoir on the Sheyenne River. Therefore, the length of pipeine
needed to reach Abercrombie and Wahpeton is dightly longer. Cost comparison of this supply vs
additional desdinization of Dakota Aquifer water that could be supplied to New Industry 3 near
Abercrombie and the existing Cargill plant near Wahpeton show this pipdine supply to be less
expendve. Thetrade off of usng the desdinization plant option is that it provides a treated water
supply wheress the ring dike and pipeline supply provide only raw weter to the users. This pipeline
supply is designed for amaximum 18 cfs capacity.

Feature 5 Summary: Ring Dike Reservoirs on the Red and Sheyenne Rivers

Two ring dike reservoirs are included in this dternative in order to enhance surface water supplies. The
ring dike on the Red River is assumed to be located near the city of Fargo. The historic 1930's high
spring flows on the Red River dlow the use of a400 cfs diverson pumping plant to capture the short
duration, high spring flows. The historic 1930's high spring flows on the Sheyenne River are not as
great as on the Red River, therefore only a 200 cfs diverson pumping plant isrequired. The Sheyenne
River ring dike can provide some flexibility of storage with releases from Lake Ashtabula that could be
stored again, so the sze of thisring dike is maintained at the maximum estimate of 22,000 acre-fedt.
The Sheyenne River ring dike is so used as the supply source for the upper Red River supply pipeline.
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The ring dike end of month contents are illudtrated in the following graphs

The Red River ring dike is used as a supplemental municipd supply and as the water supply for the
aquifer storage and recovery system. It is assumed that water to be recharged into the West Fargo
North Aquifer will be withdrawn from this ring dike and be treated by the existing Fargo Treatment
Pant during times of lower city demand.
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Red River Ring Dike
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Feature 7 Summary: New Ground Water Supply Development
Dueto the exiging level of use of the aquifersin the sudy area, only the Spiritwood Aquifer has been
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consdered as a 9gnificant source of ground water for new well development. A new well fidd inthe
Spiritwood Aquifer has been estimated (see Feature 7 writeup for details). Thiswell fieddd would bein
northern Barnes County, and estimates are that it would yield 6,600 acre-feet per year. The
groundwater would be pumped as a steady supply into Lake Ashtabula for re-regulation and release to
meet downstream shortages. Codts estimated are for the ingtallation of the well field and the operation
required to deliver ground water to Lake Ashtabula.

Feature 8 Summary purchase of exigting groundweter rights.

An estimated yield from the Sheyenne Ddta, Page/Gadesburg, and Elk Vdley Aquifers combined,
would be 8,690 acre-feet, assuming purchase of 33 percent of the exidting irrigation wells. The details
of thisfeature are provided in the writeup of Festure 8. The cost estimate used for this feature includes
purchase of theirrigated land, ingtalation of new extraction wells and gppropriately szed pumps, and a
pipeline trangport to the city boundary (Elk Valley and Page/Gaesburg aguifers) or to the Sheyenne
River (Sheyenne Ddta aguifer). Thisfeatureis assumed to provide an additiona raw water supply,
modeled as pumped at a steady rate.

Feature 9 Summary: Aquifer Storage and Recovery

The use of aquifer storage and recovery on the West Fargo North Aquifer islimited to approximately
10,000 acre-feet of unsaturated aguifer space (see Feature 9 writeup). The source of water for the
aquifer storage and recovery system has been estimated to be Red River high spring flows that are
dtored in a surface storage ring dike fegture. Water stored in the ring dike will require trestment prior
to injection. Injection and recovery is dependent upon the aquifer characteristics and for thisinitia
estimate, the assumption was that injection could be sustained over 9 months of the year (low demand
times) and withdraw would take place over 3 months of the year (high demand times). Additiond
trestment plants are not included in this estimate. Cagpacity from existing municipa trestment plants,
during times of low demand, has been assumed to be used as the treatment method for the injection
water.
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Alternative 41LA
West Fargo North Aquifer Storage and Recovery
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Feature 10 Summary: Desdlinization of water from Dakota Aquifer.

The remaining shortages of this modd run are proposed to be met by additional development of the
Dakota Aquifer. The Dakota Aquifer isfairly widespread, however the water quality ispoor. To
make a complete study areawater supply, Dakota Aquifer use dong with desdinization plants (RO
Trestment Plants) are included in the dternative estimate. Exact locations of Dakota Aquifer wells have
not been made, however, it is assumed that wells could be located at or near the shortage sites. Some
sgnificant exploration costs may be involved to obtain satisfactory yidds. These shorteges are
ggnificant in overdl Sze, and are summarized individudly in the following cost estimate teble.

These appraisal level cost estimates for awater trestment plant that would desalt the Dakota Aquifer
water are based on water quality obtained from Table 2 (p.11-12) and Table 3 (pp.15) of the
unpublished report titled “Evauation of the Natural Freeze-Thaw Process for the Desdination of
Groundwater from the Dakota Aquifer to Provide Water for Grand Forks North Dakota’ by John E.
Boysen and John A. Harju et d. Various flow rates were used based on the remaining maximum month
shortages. Both capital and operation and maintenance (O& M) costs are provided for each of the flow
rates.

The overal process design will include cost estimates for the trestment of ground water using reverse
osmosis (RO), building congtruction costs and brine disposa evaporation ponds. The overdl objective
was to reduce the totd dissolved solids (TDS) from 5040 mg/L to 500 mg/L and 300 mg/L. Deviation
from the parameters listed in Table 1 by more than 10% will make the capital and operation and
maintenance costs inaccurate and will require new model generation and resulting cost estimates.
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The following table indicates both capital costs and O& M costs associated with congtruction and
operation of adesdination plant. Included in the capital cost estimates are 5% for mohilization, 20%
unligted items, 25% contingencies, and 33% for investigations, mitigation, engineering and congtruction
management. O&M estimates include 20% unlisted items and are based on continua operation of the
system. Intermittent operation will increase O&M costs by requiring more frequent membrane
cleaning, storage, and replacement.

Table4.1A
Red River Cost Estimate for Product Water of 300 mg/L TDS
Location RO Plant Treatment Plant Brine Rate Brine Pond O&M Cost
Flowrate Capital Cost (MGD) Capital Cost ($) ($lyr)
(MGD) 6]
Fargo & West 275 $36,074,050 4.85 $223,000,000 $5,005,448
Fargo
Vdley City 12 $ 2463436 0.21 $12,600,000 $ 339,685
New Industry #5 5.2 $ 8,145,756 0.92 $44,600,000 $1,059,467
Agassiz, TriCounty, 08 $ 2,039,344 0.14 $9,400,000 $ 289,853
Walsh Rural Water
Cass Rural Water 26 $ 4,763,321 0.46 $23,800,000 $ 625272
Dakota Water Users 10 $ 2254272 0.18 $11,000,000 $ 314,705
Grand Forks Traill & 29 $ 5,088,141 051 $26,200,000 $ 665512
Traill Water Users
Langdon Rural 0.35 $ 1,535,085 0.06 $5,800,000 $ 148121
Water
Southeast & 12 $ 2463436 021 $12,600,000 $ 339,685
Ransom-Sargent
Rural Water
TOTAL COSTS $ 64,827,000 $369,000,000 $ 8,788,000

Brine produced by trestment of the ground water using reverse osmosis will be disposed of in two
bermed evaporation ponds. Each pond will be capable of handling the entire volume of brine produced
annually while the second pond can be used during servicing or as a backup to the first pond. The
ponds will be congtructed with adope ratio of 3:1 and contain a geomembrane liner resstant to ultra
violet light if exposed. The surface arearequired is based on an evaporation rate of 12 inches per year.
The depth of the pond will be 8 feet in which 5 feet will be used for any excess water while maintaining
afreeboard of 3 feet. The ponds will be constructed with minimal excavation in an effort to "balance’
cut and fill. A minimum width of 12 feet between the two ponds will be included for access. The costs
provided in Table 3 include the purchase of land, construction of two evaporation ponds (excavation),
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condruction of embankment, geomembrane liner, geomembrane liner backing, 7 foot high chain link
fence surrounding both ponds, stockpiling of excess materid, 5% mobilization, 20% unlisted items,
25% contract cost (contingencies), and 33% fied cost (investigation, mitigation, engineering and
congtruction management). These costs provided in Table 3 were determined from a straight line
extrapolation from construction costs associated with RO brine disposa for a1l MGD and 2 MGD
treatment plant.

Operation and maintenance costs associated with these ponds are not included in this estimate. The
evaporation ponds will accumulate solids (salts) over time and will be required to be removed by ether
avacuum truck (if dried) or pumped (if in athick brine). The solids will then be disposed of ina
certified domestic Iandfill. The frequency is difficult to determine Snce environmenta conditions are
difficult to predict. Oncethe liner isingtaled, tracked vehicles are not alowed on top of the liner.
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ESTIMATE WORKSHEET

ALTERNATIVE #4

PROJECT:
Red River Valley Water Supply

GROUND WATER SUPPLIES

DIVISION:

FILE:ALT_COST.WK4

UNIT Annual Annual Annual Annual TOTAL
DESCRIPTION CODE | QUANTITY UNIT PRICE AMOUNT LIFE Operation Maintenance Replacement Energy ANNUAL
Feature 4F
Pumping Plant and Pipeline to upper Red River 18|cfs LS $69,000,000 $48,000 $12,800 $238,900 $71,300 $371,000
$0
Feature 5 $0
Red River Ring Dike 22,000{Ac-Ft LS $26,490,000 $1,000 $8,600 $9,600
Ring dike Pumping Plant 400 |cfs LS $28,000,000 $30,000 $25,000 $2,200 $118,000 $175,200
ROW and Relocations LS $2,320,000 $0
Sheyenne River Ring Dike 22,000{Ac-Ft LS $26,490,000 $1,000 $8,600 $9,600
Ring dike Pumping Plant 200|cfs LS $16,500,000 $30,000 $20,000 $1,400 $70,000 $121,400
ROW and Relocations $2,320,000 $0
$0
Feature 7 $0
Spiritwood Aquifer Wellfield 15|wells LS $25,000,000 $79,300 $31,700 $206,500 $125,600 $443,100
Land & ROW 150|acres LS $150,000 $0
Feature 8 $0
Page/Galesburg Aquifer Wellfield 8lwells LS $29,000,000 $25,000 $15,000 $70,200 $54,300 $164,500
Page/Galesburg Irrigation Water Purchase 5922 |acres LS $5,922,000 $0
Elk Valley Aquifer Wellfield 16|wells LS $25,000,000 $40,000 $30,000 $67,800 $29,400 $167,200
Elk Valley Irrigation Water Purchase 5542acres LS $5,542,000 $0
Sheyenne Delta Aquifer Wellfield 7|wells $5,500,000 $25,000 $15,000 $45,700 $40,500 $126,200
_Eheyenne Delta Irrigation Water Purchase 3257|acres $3,257,000 $0
$0
Feature 9 $0
WFN Aquifer Recharge and Recovery 18|wells $12,500,000 $80,500 $40,200 $164,900 $40,100 $325,700
$0
Feature 10 $0
Desalinization of Dakota Aquifer Water 43|MGD $442,430,000 $8,787,750 $8,787,750
Estimate is for 9 Plant Sites and Dakota Aquifer Wel|s
(Includes Rural Water Shortages& New Industry5)
Desalinization Plant at Grand Forks 2[MGD $40,400,000 $480,000 $480,000
Subtotal $9,627,550 $189,700 $814,800 $549,200 $11,181,250
Unligted Items'+/- 20% $2,238,750
Existing GDU Supply Works, Continuing O&M GDU Assigned Cost $2,139,000
Mobilization (+/- 5%) Included Above TOTAL ANINUAL OM&R $15,560,000
SUBTOTAL $765,821,000
Unlisted Items (+/- 20%) Included Above
CONTRACT COST $765,821,000 AINNUALIZED CAPITAL COST $54,610,000
Contingencies (+/- 25%) Included Above
FIELD COST $765,821,000
USBR Invest., Mitig., Engr. & Constr. Mgt. (+/- 33%) Included Above TOTAL ANNUA|JLIZED COST $70,170,000
TOTAL ESTIMATE $765,800,000
QUANTITIES PRICES
BY BY CHECKED
Rburnett K. Copeland
DATE [APPROVED DATE PRICE LEVEL
Appraisal
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